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(57) ABSTRACT 

A method for accelerating range queries using periodic 
monotonic properties of non-monotonic functions including 
mapping a base column x to an existing index on a column 
y that is correlated with column x through a periodic 
piecewise monotonic function F(x), rewriting an index con 
struction statement to force the existing index on column y 
to track a periodic piecewise monotonic property by assign 
ing identical Values of F(x) to different periods to different 
ranges to create an annotated index, and rewriting range 
queries over the annotated index on F(x) by modifying a 
derived predicate. 
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METHOD FOR ACCELERATING RANGE 
QUERIES USING PERIODIC MONOTONIC 

PROPERTIES OF NON-MONOTONIC 
FUNCTIONS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] This invention generally relates to optimization of 
range queries in relational databases, and, more particularly, 
to a method for accelerating range queries using periodic 
monotonic properties of non-monotonic functions. 
[0003] 2. Description of the Related Art 
[0004] Indexes are used in most database management 
systems to speed up lookups of point queries as Well as 
lookups of range queries, Which are limited by a loWer and 
upper bound. They are de?ned for one or multiple columns. 
The multi-dimensional clustering (MDC) Works, for 
example, as in DB2® manufactured by IBM Corporation. 
[0005] The ability to cluster on column expression is 
useful for rolling up dimensions to a coarser granularity. 
Examples include rolling up an address to a geographic 
location or region, rolling up a date to a Week, month, or 
year. Generated columns are used to implement the rolling 
up of dimensions. 
[0006] For example, to create a table clustered on one base 
column and tWo column expressions in DB2® the folloWing 
commands may be used: 
[0007] CREATE TABLE Tl (cl DATE, c2 INT, c3 INT, c4 
DOUBLE, 
[0008] c5 DOUBLE GENERATED ALWAYS AS (c3+ 
c4), // c5 is an expression based on columns c3 and c4, 
[0009] C6 INT GENERATED ALWAYS AS (MONTH 
(Cl))) //c6 rolls up column cl to a coarser granularity in time 
[0010] ORGANIZE BY DIMENSIONS (c2, c5, c6) 
[0011] The above statement Will cluster the table based on 
the values in columns c2, c5, and c6. 
[0012] The concept of multi-dimensional clustering has 
been used, for example, in DB2® as MDC. An example of 
MDC clustering is given in FIG. 1. 
[0013] When a query selects values from a column x, then 
the index pre-de?ned on x is used for optimiZation. If the 
query selects values from a column x that does not have an 
index, the index on a column y that is derived from x can be 
used if, and only if, there is the guarantee that columns x and 
y are monotonic With respect to one another. Currently, if the 
tWo columns are not monotonic With respect to each other, 
then the conventional approach cannot be used. 
[0014] Monotonicity is currently exploited to reduce the 
number of columns that need to be indexed. Since there is 
a considerable amount of space that needs to be allocated for 
each index and for each neW dimension, this reduction has 
obvious advantages. Consider a base column x and a derived 
column y:F(x) Where F(x) is monotonic. Then a range query 
over x (the range is xi . . . xj) can be ansWered by performing 

a range query over y (over the range F(xi) . . . F(xj)) Which 
Will retrieve the same blocks of data as the user query. Thus, 
if the values of a derived column y behave monotonically 
With respect to the values in a column x, then the index on 
x can be used to ansWer range queries on column y, and vice 
versa. 

[0015] There are many instances Where tWo columns are 
pieceWise monotonic, meaning that if split into intervals, 
their values are monotonic over these intervals, although the 
type of monotonicity, increasing or decreasing, may change 
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from one interval to another. Such a condition is referred to 
as periodic pieceWise monotonic (PPM). HoWever, some 
functions are observed to be PPM Without the explicit 
knoWledge of the user, in Which case the manual approach 
Would not even be feasible. 

SUMMARY OF THE INVENTION 

[0016] In vieW of the foregoing and other exemplary 
problems, draWbacks, and disadvantages of the conventional 
methods and structures, an exemplary feature of the present 
invention is to provide a method for accelerating range 
queries using periodic monotonic properties of non-mono 
tonic functions in order to speedup queries on a column x by 
using the annotated existing index on column y, if the 
derivation function of y based on x is PPM. In this manner, 
the invention provides an automatic Way of implementing 
such optimiZations, including query re-Writes. 
[0017] The present invention permits MDC to also bene?t 
from recogniZing and using the properties of periodic piece 
Wise monotonic (PPM) functions. Currently, MDC takes 
advantage of only a subset of monotonic function to reWrite 
range queries over derived columns. 
[0018] In a ?rst exemplary aspect of the present invention, 
a method for accelerating range queries using periodic 
monotonic properties of non-monotonic functions includes 
mapping a base column x to an existing index on a column 
y that is correlated With column x through a periodic 
pieceWise monotonic function F(x), 
[0019] reWriting an index construction statement to force 
the existing index on column y to track a periodic pieceWise 
monotonic property by assigning identical values of F(x) to 
different periods to different ranges to create an annotated 
index, and reWriting range queries over the annotated index 
on F(x) by modifying a derived predicate. 
[0020] Taking advantage of monotonicity betWeen base 
columns and derived columns is currently restricted to 
monotonic functions, but not to functions that are PPM. The 
present invention takes advantage of PPM derivation func 
tions to avoid the need to maintain indexes over both the 
base columns and derived columns by maintaining only one 
annotated index. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] The foregoing and other exemplary purposes, 
aspects and advantages Will be better understood from the 
folloWing detailed description of an exemplary embodiment 
of the invention With reference to the draWings, in Which: 
[0022] FIG. 1 is an exemplary schematic diagram of 
multi-dimensional clustering; 
[0023] FIG. 2 is a schematic diagram of an exemplary 
PPM function With a pre-de?ned number of periods; 
[0024] FIG. 3 is a schematic diagram of an exemplary 
PPM function With an unlimited number of periods; and 
[0025] FIG. 4 is a ?owchart of a method 400 for acceler 
ating range queries in accordance With an exemplary 
embodiment of the present invention. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS OF THE INVENTION 

[0026] Referring noW to the draWings, and more particu 
larly to FIGS. 1-4, there are shoWn exemplary embodiments 
of the system and method according to the present invention. 
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[0027] For the purpose of this application, a PPM function 
F(x) is a piecewise periodic monotonic function that has the 
property that, for some period p, When x is split into 
consecutive intervals Ii of the same siZe/period p, F(x) is 
monotonic With respect to x for each Ii. F(x) can be 
monotonic increasing for some interval Ii, and monotonic 
decreasing for another interval Ij. The idea is to force a 
composite index to assign values into blocks based on both 
the generated expression and its periodicity. 
[0028] There are several knoWn functions considered to be 
guaranteed to be PPM such as: 

PPM FUNCTION PERIOD SIZE 

COS n/Z 
COT n/Z 
DAYOFWEEK 7 
DAYOFYEAR year 
HOUR 24 

QUARTER 4 
MOD x 

MONTH year 
SIN n/Z 
TAN n/Z 

[0029] For these functions, the siZe of the period is knoWn. 
Another Way to determine if a derivation function is PPM, 
is if the user explicitly provides this information. Finally, by 
tracking the values of a base and derived column, the PPM 
relationship can be veri?ed, and the period siZed can be 
calculated. 
[0030] Unlike monotonic derivation functions Where only 
distinct values on the base column have the same value on 
the derived column, in the case of PPM functions, tWo 
non-consecutive values of the base columns can map to the 
same value on the derived column. 

[0031] For example: 
[0032] . . . MONTH (date(‘99/l2/08’)):l2 

[0034] MONTH (date(‘00/02/24’)):2 
[0035] MONTH (date(‘02/0l/07’)):1 
[0036] For different dates (‘00/01/18’ and ‘02/01/07’) the 
value on the derived column Will be the same MONTH( )Il. 
[0037] If only an index on the derived column (MONTH) 
is accessed, then a query Whose predicate is based on the 
base column (date) Will use the existing index on MONTH 
and may retrieve a superset of the correct ansWer tuples. 
Then, only by retrieving the tuples and examining them for 
the date values, the system can ?lter out the incorrect tuples 
and return the ?nal ansWer. For correctness, an index over 
MONTH could be built that is annotated With the periodicity 
number. The periodicity number is obtained by dividing the 
value of the base column of a tuple by the siZe of the period 
p that is characteristic to the PPM derivation function. 
[0038] PPM functions can be classi?ed into the ones that 
have a pre-de?ned number of periods and the ones Where 
this number is unde?ned. If the alloWed range for trigono 
metric functions is between 0 and 275, then the folloWing 
have a pre-de?ned number of periods: 

cos p = m2 

COT p = m2 
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-continued 

SIN p = m2 

TAN p = m2 

[0039] The period is actually at, but for uniformity (since 
their periods do not overlap), 313/2 is used. 
[0040] For these functions, the period number is x/(J'c/2), 
Where x is the value of the base column. In FIG. 2, an 
example of F(x)?an(x) is shoWn. The index should maintain 
the values of F(x) together With the annotation of the period 
number X(J'IZ/2). The construction of the index Will be on 
F(x)?an(x), for example: ORGANIZE BY TAN (x)Q(OR 
GANIZE BY TAN (x), x/(J'c/2)) 
[0041] The folloWing have unde?ned and/or unlimited 
number of periods: 

MONTH (date) p = year 

QUARTER (date) p = year 
MOD (x) p = x 

DAYOFYEAR p = year 

HOUR p = 24 

DAYOFWEEK p = 

[0042] These functions are different than the previously 
mentioned functions, in that the number of periods is 
unbounded and depends on the base data. When the peri 
odicity can be calculated by a function such as YEAR (date) 
(rather than being constant), it is possible to use these 
functions to enforce the mapping of the domain into mono 
tonic ranges. 

[0043] In FIG. 3, examples of F(x):MONTH(date) and 
QUARTER (date) are shoWn. In the case MONTH, for 
example, the period Will be one year and the period number 
Will coincide With the YEAR (date). The construction of the 
index Would use the folloWing exemplary annotation: 
[0044] ORGANIZE BY MONTH (date)Q(ORGANIZE 
BY MONTH (date), YEAR (date)) 
[0045] The folloWing is an overvieW of the index con 
struction steps and the corresponding queries. 
[0046] Index construction begins by recognizing PPM 
functions and their periodicity. This may be accomplished 
from explicit user input, from recognizing semantically that 
the function is knoWn to be PPM (such as sin (x), month 
(date)), or from observation (verify the relationship betWeen 
the values of the based and derived columns). 
[0047] An index is built over the PPM function, With the 
annotation of the period number, and an index is maintained 
With updates to the base columns, Which also generates 
updates to the derived columns. If the derived column is 
knoWn to be PPM by observation, at each update the 
relationship should be veri?ed to hold. If it does not hold, 
then either that current index is deleted and an index over 
both columns is created, or the existing index may still be 
used for the correct PPM intervals and additional data 
structures or retrieval Would be necessary for the non-PPM 
intervals. 
[0048] For a query reWrite, the range and point queries in 
terms of a base column can noW be ansWered in terms of the 
derived columns, if the derivation function is PPM, and the 
value on the base column x to F(x) and the period number 
to x/ (period siZe) needs to be transformed. 
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[0049] For generality, PPM functions can be described as 
F(f) instead of F(x), Where f is a function over base data. 
Recall that When a PPM function is described as F(x), it is 
assumed that x is the base data. In order to maintain the 
properties of PPM, the requirement that f in F(f) is mono 
tonic With respect to the base data must be imposed. For 
MDC, a subset of the monotonic functions can be checked, 
but the checking module should be reused. For simplicity, 
the notation of F(x) Will be used herein, hoWever that 
notation can be replaced With F(f) When f is monotonic, for 
example, SIN (x+y), Where x and y are from base columns. 
[0050] To enforce the splitting of the function domain 
such that only monotonic ranges can be accessed, simple 
indexes should be reWritten as composite indexes. 
[0051] The base values x that are used for function F(x) in 
the generated expression are mapped to period numbers 
according to their assignment into periods. As noted, the 
periods may be constant or inferred, in Which case the 
number of periods is data-dependent. For example, the 
number of periods for F(x)?an(x) is 4J1:/(J'c/2), that returns 8. 
If F(x):MONTH(x), then the period is “year” and the 
number of years included in the index depends on the data 
inserted. 
[0052] In either case, the ORGANIZE BY statement is 
modi?ed, to force the index on the derived column to 
separate the domain according to periods. 
[0053] ORGANIZE BY (F(x))QORGANIZE BY (F(x), 
x/p) 
[0054] For inferred periods, there are functions that cal 
culate x/p already such as YEAR( ), so those can be used as 
Well. 
[0055] ORGANIZE BY (F(x))QORGANIZE BY (F(x), 
f(19)) 
[0056] Same as in derived predicates for monotonic func 
tions, the derived predicates are stored as additional infor 
mation about the columns. The derived predicates include 
equality and “in” predicates and inequality predicates. 
[0057] Equality and “in” predicates include: 

[0058] ?ag the neW predicate as derived, and 
[0059] let an encapsulator evaluate the expression for 
both dimensions of the composite index. 

[0060] By Way of example, Where dayIdQWhere 
MONTH:MONTH(d) and YEAR:YEAR(d) and Where 
radians:rc—>Where SIN(J'c) and RADIANSIRADIANSQ'E). 
[0061] Inequality predicates include: 

[0062] conditions on the references columns 
[0063] C1 appears in the predicate With a constant value 
[0064] the deriving function is PPM, and 
[0065] all other columns appear in equality predicates 
With constant values. 

[0066] Accordingly, FIG. 4 illustrates an exemplary 
method 400 for accelerating range queries using periodic 
monotonic properties of non-monotonic functions, in accor 
dance With certain exemplary embodiments of the present 
invention. The method includes mapping 410 a base column 
x to an existing index on a column y that is correlated With 
column x through a periodic pieceWise monotonic function 
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F(x), reWriting 420 an index construction statement to force 
the existing index on column y to track a periodic pieceWise 
monotonic property by assigning identical values of F(x) to 
different periods to different ranges to create an annotated 
index, and reWriting 430 range queries over the annotated 
index on F(x) by modifying a derived predicate. 
[0067] While the invention has been described in terms of 
several exemplary embodiments, those skilled in the art Will 
recogniZe that the invention can be practiced With modi? 
cation Within the spirit and scope of the appended claims. 
[0068] Further, it is noted that, Applicants’ intent is to 
encompass equivalents of all claim elements, even if 
amended later during prosecution. 

What is claimed is: 
1. A method for accelerating range queries using periodic 

monotonic properties of non-monotonic functions, compris 
ing: 
mapping a base column x to an existing index on a column 

y that is correlated With column x through a periodic 
pieceWise monotonic function F(x); 

reWriting an index construction statement to force the 
existing index on column y to track a periodic piece 
Wise monotonic property by assigning identical values 
of F(x) to different periods to different ranges to create 
an annotated index; and 

reWriting range queries over the annotated index on F(x) 
by modifying a derived predicate. 

2. The method for accelerating range queries using peri 
odic monotonic properties of non-monotonic functions 
according to claim 1, further comprising constructing said 
existing index. 

3. The method for accelerating range queries using peri 
odic monotonic properties of non-monotonic functions 
according to claim 2, Wherein said constructing said existing 
index comprises: 

recogniZing said periodic pieceWise monotonic function 
and a periodicity of said periodic pieceWise monotonic 
function; and 

building an index over the periodic monotonic function. 
4. The method for accelerating range queries using peri 

odic monotonic properties on non-monotonic functions 
according to claim 3, Wherein said recognizing said periodic 
pieceWise monotonic function is accomplished from explicit 
user input, recognizing semantically that a function is 
knoWn to be a periodic pieceWise monotonic function and 
verifying a relationship betWeen values of the base column 
x and an a derived column. 

5. The method for accelerating range queries using peri 
odic monotonic properties on non-monotonic functions 
according to claim 3, Wherein during said building an index 
over the periodic monotonic function if a derived column is 
knoWn to be a periodic monotonic function by observation, 
at each of a plurality of updates a relationship should be 
veri?ed. 


